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PREFACE 
The Management and Technology (MMT) Area of IIASA organizes, 
from time to time, seminars on topics that are of interest in 
connection with the work at the Institute. Since MMT sees the 
importance of investigating the broader management aspects when 
using systems analytical tools, it was of great interest to have 
Professor Henk Becker from the University of Utrecht give a 
seminar on "Sociology of Systems Analysis". 
AS his presentation at this seminar should be of interest 
to a wider audience, it is now presented in the IIASA Collaborative 
Paper Series. 

CONTENTS 
1. INTRODUCTION 
2. CHARACTERISTICS OF SOCIOLOGY 
3. SOME RESULTS OF SOCIOLOGISTS 
4. APPLIED SYSTEMS ANALYSIS AND SOCIOLOGY 
5. SOCIOLOGY AND THE SOCIAL SCIENCES 
6. CONCLUDING REMARKS 
NOTES 
LITERATURE 
This  paper was o r i g i n a l l y  prepared under t h e  t i t l e  "Modelling 
f o r  Management" f o r  p r e s e n t a t i o n  a t  a  Nate r  Research Cent re  
(U.K. ) Conference on "River  P o l l u t i o n  Con t ro l " ,  Oxford, 
9 - 1 1  A s r i l ,  1979. 
1 .  INTRODUCTION. 
- 
Last year IIASA published a book on Pitfalls of Analysis, edited by Majone 
and Quade. In that book systems analysis is characterized as "a form of 
applied research designed to acquire a deeper understanding of sociotechni- 
cal problems and to bring about better solutions". According to the editors 
the expression "policy analysis" is preferred when public problems are 
addressed. ( 1 ) . 
In this statement the word sociotechnical attracted my attention. IIASA 
studies problems of energy, food supply and the environment, to name a few. 
The systems involved show a combination of technical and social problems. 
As a sociologist I ask myself to what extent ny discipline could contribute 
to the "socio-" part of systems analysis. 
The term policy analysis also set my mind to work. In the social sciences 
"policy analysis" is interpreted as "analysis - for policy-making" but it is 
also seen an "analysis - of policymaking". In the book edited by Majone and 
Quade problems - of policy making systems play an important role. Systems 
analysts want to design implementable programs that are worthwhile not only 
in their own eyes but in the user's perspective also. Maybe recent advance- 
ments in the "analysis - of policymaking" can help systems analysts to increase 
the impact of' their work on policymaking. 
The last chapter of the book deals with the pitfalls of language. J n  this 
lecture language is a pitfall too. As soon as a sociologist tries to communicate 
with members of the natural sciences, mathematicians and so on, mutual under- 
standing becomes difficult. C.P.Snow lectured on "the two cultures" of "the 
literary intellectuals" and "the scientists" (Snow, 1959). The gap between 
sociologists and natural scientists is also wide. I hope to provide an adequate 
basis for understanding by (i) using a step-by-step approach, (ii) defining 
my terms and (iii) giving arguments and making control possible. The "scenario" 
for this presentation reads as follows: 
s t e p  1 :  desc r ibes  t h e  sub jec t  matter  of sociology,  and t h e  a c t i v i t i e s  sociolo-  
g i s t s  undertake with regard t o  t h i s  sub jec t  ma t t e r ;  
s t e p  2: desc r ibes  some r e s u l t s  of s o c i o l o g i s t s  t h a t  meet s tandards  common 
t o  t h e  applied empirical  sciences;  
s t e p  3: looks a t  appl ied  systems a n a l y s i s  and a t  p o t e n t i a l  con t r ibu t ions  
by s o c i o l o g i s t s  t o  t h i s  f i e l d ;  
s t e p  4: broadens t h e  view from sociology t o  t h e  s o c i a l  sc iences  i n  general  
and t o  an  i n t e r d i s c i p l i n a r y  approach; 
s t e p  5: gives  some perspect ives .  
I i n v i t e  my audience t o  play t h e  r o l e  of the  s o c i o l o g i s t  f o r  one o r  two hours. 
What i s  feas ib l ' e  and what i s  reasonable,  keeping t h e  c h a r a c t e r i s t i c s  of t h e  
sub jec t  matter  of sociology i n  mind? During t h i s  mental s imula t ion  I ask them 
t o  keep t o  t h e  s c i e n t i f i c  s tandards  they a r e  used t o  i n  t h e i r  own d i s c i p l i n e .  
Do t h e  appl ied  empirical  sc iences  share  a common s e t  of s tandards? Do t h e  
medical sc iences ,  appl ied  physics  and applied sociology agree  upon a number 
of c r i t e r i a ?  I n  my opinion they agree upon the  necess i ty  o f :  
(a )  systematic  observat ion  of t h e  p r a c t i c a l  problem involved, and 
of i t s  environment; 
(b) systematic of developments i n  t h e  problem and i t s  
environment and of outcomes of in t e rven t ions  (by medical 
p r a c t i t i o n e e r s ,  by pol icy  makers e t c . )  
( c )  the  cons t ruc t ion  and use  of theor i e s  i n  order  t o  i n t e r p r e t  t h e  
r e s u l t s  of a and b, and i n  order  t o  summarize experiences with 
an eye t o  so lv ing  s i m i l a r  p r a c t i c a l  problems l a t e r  on (2) .  
None of the  applied empirical  sc iences  uses  these  s tandards b l ind ly .  They 
agree upon t h e  necess i ty  t o  al low f o r  divergence from t h e  s tandards ,  a s  
soon as they cannot be met, temporarily or permanently. For instance in 
research into the behavior of terminal patients in hospitals and of their 
relationships with members of their family, doctors and nurses can only 
(at this stage) apply these standards to a limited degree. Applied empirical 
scientists must be prepared to meet the common standards. If they are able 
to meet these standards they can just go ahead. The applied empirical 
claim! ( 3 ) .  
2. CHARACTERISTICS OF SOCIOLOGY. 
- 
The subject matter of sociology consists of the following components: 
a) social behavior; 
b) collective social phenomena; 
c) the relationships between a and b. 
Sociology studies its subject matter on different levels: micro, neso and 
macro. It studies it in different situations: in continuity as well as in 
rapid social change. It studies it under different conditions: from auto- 
nomous development to planned transformation. 
In figure 1 examples of social behavior and of collective social phenomena 
are given on the three levels. It does not take much imagination to discover 
as a rule that social behavior is less difficult to study than collective 
social phenomena. I shall elaborate on this later on. 
Sociologists have only three means at their disposal for data gathering. 
Their research methodology boils down to: 
a). asking questions (orally, by mail) 
b) looking (participant observation, hidden observation, observation 
in a laboratory setting); (4) 
c) analyzing sources that already exist (documents like newspapers, 
minutes of meetings etc.) 
b 
Sometimes a sociologist can be lucky. In that case he is able to (i) gather 
data about a large number of "units of research", (ii) find a lot of regularity 
in these data and (iii) relate his findings adequately to the practical problem 
he is working on. In such a case the "counnon standards" can be met to quite an 
extend. A strict analysis on an operational level is possible. Checking hypo- 
theses by prediction leads to valid and precise outcomes. Theories can be used 
to explain relationships, and confirmed theories can be offered for inclusion 
in the "body of knowledge" of sociology. 
Figure 1 Examples of the subject-matter of sociology on different levels. 
micro-level meso-level macro-level 
a. social behavior behavior of behavior of behavior of 
patients in a patients as patients in a 
hospital ward members of a country, in a 
patients' union continent etc. 
b. collective 
social 
phenomena 
hospitalwards 
as social 
systems 
patients' unions, World Health 
hospitals etc. as Organization 
social systems 
I n  everyday s c i e n t i f i c  l i f e  one o r  more of t h e  s tandards  f r e q u e n t l y  cannot be 
met. Quite  o f t e n  t h e  s o c i o l o g i s t  involved is - n o t  t o  be blamed. What a r e  v a l i d  
excuses ? 
a )  only one o r  a small number of "un i t s  of researchl ' ( less  t han  twenty 
f o r  i n s t a n c e )  a r e  a v a i l a b l e  a n d ' t h e r e f o r e  observa t ions  cannot be 
repea ted  on a l a r g e  s c a l e  ( f o r  i n s t ance :  a s o c i p l o g i s t  wants t o  
s tudy  why t h e r e  has never been a s u b s t a n t i a l  s o c i a l i s t  movement 
o r  a s u b s t a n t i a l  s o c i a l i s t  pa r ty  i n  t h e  United S t a t e s  of America). 
Small numbers a r e  a handicap i n  s tudying c o l l e c t i v e  s o c i a l  pheno- 
mena more o f t e n  than  i n  s tudying s o c i a l  behavior;  (5) 
b)  g r e a t  methodological d i f f i c u l t i e s  i n  ga the r ing  d a t a  ( f o r  ins tance :  
what goes on between a te rmina l  p a t i e n t  and t h e  members of h i s  o r  
h e r  fami ly)  ; 
c )  d i f f i c u l t i e s  i n  f i nd ing  a s u b s t a n t i a l  amount of r e g u l a r i t y  i n  a 
s o c i a l  system, e s p e c i a l l y  when t h e  number of "un i t s  of research"  
i s  smal l ;  
d )  e t h i c a l  boundaries  i n  d a t a  ga the r ing  ( f o r  i n s t ance :  te rmina l  wards 
a t  h o s p i t a l s ,  j u r i e s  i n  c r imina l  c o u r t  proceedings) 
e )  economic l i m i t s  t o  d a t a  ga ther ing  
f )  sho r t age  of experienced s o c i o l o g i s t s  and r e sea rch  i n s t i t u t e s .  
I f  we look a t  a p a r t i c u l a r  r e p o r t  by a s o c i o l o g i s t ,  we may come a c r o s s  a 
v a l i d  excuse of a d i f f e r e n t  kind.  The s o c i o l o g i s t  involved can po in t  ou t  
t h a t  h i s  p r o j e c t  i s  p a r t  of a "research program", and t h a t  i n  t h e  cou r se  
of t h i s  r e sea rch  program o t h e r  s o c i o l o g i s t s  have solved pre l iminary  problems 
o r  a r e  engaged i n  p r o j e c t s  complementary t o  h i s .  A s  p a r t  of a r e sea rch  program 
an essay  may be va luab le  and may be no v i o l a t i o n  of t h e  common s tandards .  
A l o t  of app l i ed  empir ica l  s c i ences  have d i f f i c u l t y  i n  meeting t h e  conmon 
s tandards  s i m i l a r  t o  those  i n  sociology.  I s h a l l  g ive  some examples: 
a) in astronomy often "unique" objects have to be studied; our 
earth has one moon only, and its origin is difficult to study 
(compare Mitroff, 1974); 
b) difficulties in obtaining data exist in psychiatry, neuro- 
physics etc., for instance in obtaining data about the humain 
brain; 
c) finding enough regularity has proved to be difficult in meteorology 
(weather forecasts in a country like the Netherlands, even on a 
basis of 150 years of observation) and in studying turbulence in 
waterways (harbors, around dikes) and in. the air (around airplanes). 
d) laboratory experiments on animals are also limited by ethical norms. 
e) in all sciences economic limits exist, they slow down the growth 
of the body of knowledge; 
f) in a lot of applied empirical sciences shortage of experienced 
research personel and of adequate research institutes sometimes 
leads to research under sub-optimal conditions. 
Neither sociologists nor other applied empirical scientists remain passive 
towards their handicaps. In sociology the research methodology has been 
improved quite considerably over the last decades. Constructing theories 
has led to a lot of advancement. Giving a "state of the art" report is not 
possible in this lecture, however. I shall give some examples only. 
3. SOME RESULTS OF SOCIOLOGISTS. 
- 
F i r s t  I s h a l l  g ive  some r e s u l t s  of s o c i o l o g i s t s  s tudying s o c i a l  behavior .  As 
a n  example I t a k e  educa t ion  on t h e  one hand and economic and s o c i a l  i n e q u a l i t y  
on t h e  o t h e r  hand. The main source  i s  Boudon (1973). 
The q u a r t e r  of a  century  s i n c e  t h e  end of World War I1 may be  descr ibed  a s  
t h e  e r a  of educa t iona l  expansion. Almost everywhere i n  t h e  developed c o u n t r i e s ,  
governments have t r i e d  t o  end t h e  s e p a r a t i o n  between e l i t e  and non-e l i te  
streams i n  secondary educat ion,  and t o  en l a rge  t h e  p ropor t ion  of t h e  co l lege-  
age  cohor t  t h a t  g o e s . t o  u n i v e r s i t y .  I n  t h e  United S t a t e s  over 40% e n t e r  i n s t i -  
t u t i o n s  of h ighe r  educat ion,  bu t  a  number of European c o u n t r i e s  a r e  approaching 
o r  have passed t h e  20% mark. 
This  expansion i s  r e l a t e d  t o  two ob jec t ives :  (a )  t o  supply t r a i n e d  manpower 
i n  .response t o  t h e  inc reas ing  need f o r  educated t a l e n t  i n  present-day economies, 
and (b) t o  i nc rease  e q u a l i t y  of oppor tuni ty  and u l t i m a t e l y  t o  i n c r e a s e  s o c i a l  
e q u a l i t y  a s  such. These two goa l s  appeared t o  be  mutual ly suppor t ive  f o r  much 
of t h e  period.  More educa t ion  supposedly meant bo th  more wel l - t ra ined  people 
: - 
and g r e a t e r  oppor tuni ty  f o r  t h e  under-privi leged.  
Yet a s  r e s u l t s  of s o c i o l o g i c a l  i n v e s t i g a t i o n  i n  d i f f e r e n t  c o u n t r i e s  began t o  
come i n  dur ing  t h e  1960s it became apparent  t h a t  t h e  r a p i d  growth i n  educa- 
t i o n a l  a t ta inment  d i d  no t  n e c e s s a r i l y  reduce t h e  c o r r e l a t i o n s  between p r i v i -  
ledged fami ly  background and s o c i a l  achievement. P a r e n t a l  socioeconomic s t a t u s  
continued t o  be  a  major determinant  both of educa t iona l  achievement and so=io-  
economic achievement of ch i ld ren .  I n  t h e  Western world t h i s  appl ied  t o  
s o c i a l i s t  a s  wel l  a s  t o  non- soc ia l i s t  c o u n t r i e s .  
Looking a t  t h e  r e sea rch  d a t a  and t h e  ideas  w i th  regard t o  r e l a t i o n s h i p s  a v a i l -  
a b l e ,  Boudon cons t ruc ted  a  theory  t o  exp la in  t h e  paradox. The theory  could 
not  be cons t ruc ted  i n  such a  way t h a t  i t  resembled a  s c i e n t i f i c  law. Relat ion-  
s h i p s  were no t  r e l i a b l e  and p r e c i s e  enough t o  be "lawlike". Boudon t h e r e f o r e  
decided t o  b u i l d  a  model a s  a n  approximation of t h e  r e g u l a r i t i e s  i n  s o c i a l  
r e a l i t y  he was dea l ing  wi th .  He cons t ruc ted  a  cohort  model t h a t  could be  used 
t o  s i m u l a t e  what went on i n  s o c i a l  r e a l i t y .  A l a r g e  number of s o c i o l o g i s t s  
h a s  t e s t e d  hypotheses  t h a t  have been de r i ved  from t h e  Boudon-model, t h e  
Boudon t heo ry  and s i m i l a r  c o n s t r u c t s .  I summarize some r e s u l t s  of  r e s e a r c h  
executed by Peschar  (1979) i n  The Nether lands .  F i g u r e  2 g i v e s  an overview. 
F i g u r e  2. Matched p a i r s  of c h i l d r e n  from h igh  and low socioeconomic 
a .  g e n e ra t i on  1958-tota l  b. gene ra t i on  1959-tota l  
Abblldung ZI: Durchschnittlichc Nivcauwertc per Jahr - total 
I 
so ' 6b ' dz ' 6r 66 ' da 70 ' 7i ' 76 
I ,  
56 '60 $2 6u 6'6 6'8 7b ' 71 7; 
GENERATION I951 -TOTAL (N - 71 hm) GENERATION 1 9 7  - TOTAL (N 41 P a m )  
, , 
Note: Peschar  took  c h i l d r e n  from t h e  same age and i n t e l l i g e n c e ,  b u t  coming 
from e i t h e r  a h igh  o r  a low socioecononic  background. He matched t h e  
c h i l d r e n  and t h e n  fol lowed t h e n  du r ing  a per iod  of 15 y e a r s  (school-  
pe r iod  and pe r i od  of  f i r s t  j obs ) .  
c. generation 1958-boys 
-10- 
d. generation 1959 boys 
Abbildung 7.2: Durchschnittliche Niveauwerte per Jahr - Jungen 
'1 1 
66 68 7b 7i 7l 
GENERATION IPS1 - JUNGEN (N 36 run) 
e. generation 1958-girls f. generation 1959- girls 
z4- g 3- 
2- 
s 
1- 
~ b b U u r y  7.3: Durchschnittliche Niveauwerte per Jahx - ~ i d c h e n  
' . 
7 NIEDRK; 
DURCnSCW. IQ 101.1 
% 
I I I I I K I P  
I 1 ,  
$ 8  ' 6b ' $2 64 ' 66 68 70 7: 7; 58 ' 60 ' 62 ' 6 4 '  66 ' 68 i 0  ' 7'2 ' 94 
GENERATION 1918 - YiDOLEN (N 31 R . n l  GENERATION 1919 - MiDCHEN (N - 10 ham) 
58 60 62 64 66 6 0 72 7. 
GENERATION l9S9 - I U N W  tN - 23 hm) 
g. cumulative percentage of explained variance 
Abbildung 7.4: Kumulativu Prozentsatz erk~rte  Varianz im Endniveauwert 1973 
- total 
. . 
The theory could be summarized as follows: an increase in educational oppor- 
tunities does not lead to lower class children becoming middle class or upper 
class adults. The increase in educational opportunities is primarily taken 
advantage of by middle class children (lower and upper middle class) to ad- 
vance beyond,,the socioeconomic status of their parents. 
In this part of sociology criteria like (a) systematic observation, (b) 
systematic prediction and (c) construction and use of theories can be met 
to quite an extent. Why? The phenomena involved are present in very large 
numbers, they are comparable to quite an extent, and data can be gathered 
without much trouble (government statistics, large surveys, etc.). As soon 
as the sociologist analyzes the data, they show considerable regularities. 
My second example is taken from the study of collective social phenomena. 
In the comparative study of organizations Blau and Schoenherr (1971) have 
contributed important new theories and data. 
As independent variables, Blau and Schoenherr took size and complexity of 
organizations, separately and in combination. As dependent variables they 
took for instance the proportion of managerial manpower. They gathered data 
in the fifty-three employment security agencies in the United States, their 
387 headquarters divisions, and their 1,201 local branches (excluding the 
smallest and simplest). The outcome that intested me most was "consistently, 
the economies of scale exceed the costs of complexity, so that large orga- 
nizations, despite their greater structural complexity, require proportionally 
less management manpower than small ones." 
! 
The theory developed in this research project was tested against empirical 
data in another project. Hypotheses derived from the theory led to predictions 
that were tested against characteristics of the major finance departments 
of 416 state and lock governments in the United States. The large majority 
of these finance departments are not agencies of state government, as employment 
security agencies are, but of municipal (246) or county (128) governments, 
with only a minority (42) being state finance departments. The findings repli- 
cate those observed in employnent security agqncies. 
Both examples are taken from fields within sociology that show a research 
program: a large number of projects that show some kind of coordi~tion or 
cohesion (6). A research program in a discipline like sociology has to consist 
of (a) projects aiming at theories that are confirmed by empirical data, (b) 
empirical studies on a relatively low level of abstraction (policy research), 
(c) trend reports, (d) reports on methods etc., (e) essays, for instance 
on the borderline between sociology and political philosophy. It would be 
unwise to judge a field within sociology by looking at the essays only! 
The two fields of sociology dealt with (research into the relationship between 
education and socioeconomic inequality; research into the structure of orga- 
nizations) show 2 a t i 0 n .  Many 
other fields are still less developed. 
4. APPLIED SYSTEMS ANALYSIS AND SOCIOLOGY. 
- 
Next I want t o  d e a l  wi th  some developments i n  appl ied  systems a n a l y s i s  and 
wi th  t h e  prospects  of a  c l o s e r  cooperat ion between appl ied  systems a n a l y s i s  
and sociology. I s h a l l  t a k e  some recen t  personal  experiences a s  an example. 
Water resource  systems and hydraul ic  p r o j e c t s  l i k e  a r t i f i c i a l  l akes  have 
been s tudied  f o r  a  long time wi th  regard t o  t h e i r  phys ica l  a spec t s .  For 
in s t ance  t h e  proceedings of an IIASA workshop held i n  1976 and e d i t e d  by 
Wood i n  Real-Time Forecast ing/Control  of Water Resource Systems provide a n  
overview of " the s t a t e  of t h e  a r t "  i n  analyzing t h i s  kind of phenomena. 
River bas ins  have been shu t  o f f  by dams, and a r t i f i c i a l  l akes  have been 
c rea t ed  by t h e  dozens .a11 over t h e  world. Evalua t ion  of t hese  p r o j e c t s  has  
drawn our a t t e n t i o n  t o  consequences of innovat ions l i k e  these .  Economic, 
eco log ica l  and s o c i a l  consequences have t o  be taken i n t o  cons ide ra t ion  before ,  
dur ing  and a f t e r  t h e  a c t u a l  bu i ld ing  of a  dam, t h e  r i s e  of t h e  water i n  t h e  
a r t i f i c i a l  l a k e  and t h e  product ion of e l e c t r i c i t y  and of water f o r  i r r i g a t i o n .  
Small coun t r i e s ,  e s p e c i a l l y  i f  they belong t o  t h e  developing coun t r i e s ,  do 
not  have enough s c i e n t i f i c  manpower t o  a s s i m i l a t e  t h e  experiences gained 
with hydraul ic  p r o j e c t s  a l l  over t h e  world p r i o r  t o  bu i ld ing  a new a r t i f i c i a l  
l a k e  themselves. This  s i t u a t i o n  l e d  t h e  European Investment Bank a t  Luxemburg 
t o  ask t h e  OECD t o  d r a f t  and t e s t  a  manual on preparing and executing "multi- 
purpose hydraul ic  projects1 ' .  By "multipurpose" t h e  European Investment Bank 
means: not  only f lood c o n t r o l ,  product ion of e l e c t r i c i t y  and water supply 
but  a l s o  innovat ion of economic, ecologica l  and s o c i a l  s t r u c t u r e s  i n  t h e  a r e a  
surrounding t h e  new a r t i f ik i a l l ake .  A team of expe r t s  from a number of coun t r i e s  
was given t h e  t a s k  of des igning  and t e s t i n g  t h e  manual. A dozen c o u n t r i e s  and 
a number of i n t e r n a t i o n a l  organiza t ions  decided t o  p a r t i c i p a t e  i n  t h e  p r o j e c t  
by providing experiences and by applying t h e  manual i n  a pre l iminary  vers ion .  
I have t h e  p r i v i l e g e  t o  be one of t h e  s o c i o l o g i s t s  i n  t h e  team of exper ts .  
I n  t h i s  p r o j e c t  a  system l i k e  a  r i v e r  bas in  i s  s tudied  no t  only wi th  regard 
t o  i t s  phys ica l  a spec t s  but  a l s o  wi th  regard t o  economic, ecologica l  and 
s o c i a l  a spec t s .  How do we have t o  prepare t h e  p r o j e c t  by ex a n t e  eva lua t ions?  
How do we inform t h e  i n h a b i t a n t s  of t he  a rea  t o  be flooded about t h e  plans? 
How do we give them a chance to participate in decision making? FJhich develop- 
ments are to be expected with regard to farming, industry, the environment, 
the labour market etc.? D u r i n g t  the cocommunication 
with the inhabitants of the area demands a lot of attention. The results of 
the ex ante evaluation have to be revised constantly. Resettlement of migrants 
sometimes has to be arranged for 40,000 persons or more. Rounding off the 
project after the building has been finished may demand five to ten years of 
activities in the economic, ecological and social field. 
The communication in the team of experts is not without difficulties. The 
economists speak the language of quantitative applied systems analysis fluent- 
ly. The ecologists are understood without much difficulties. The sociologists 
have to explain their terms, methods and theories over and over again. Fortu- 
nately the members of the team have enough experience and patience to continue 
their cooperation in good harmony. 
The communication with the members of the committee representing the potential 
users of the manual shows a similar.picture. All the members involved are con- 
vinced that social aspects have to be taken into consideration too. But they 
too need a lot of time and patience to come to grips with the terminology, 
the approach and the results of sociology and other social sciences. 
Both in the team of experts and in the committee of representatives of the 
potential users I have been invited to give a short lecture on "sociology". 
My explanatory expos6 in both cases closely resembled the present paper. 
I described the subject matter and I described the activities of sociologists. 
In both cases my audience was willing to think a bit like sociologists, and 
an adequate basis for cooperation was provided. Difficulties in terminology 
and approach could be bridged later on, taking the initial understanding as 
common ground. 
Hydraulic projects have led to a lot of trouble in the past. Riots, protests, 
disappointments. The countries involved have rkacted by broadening the scope 
from the physical to an interdisciplinary approach. Applied systems analysis 
has led to interdisciplinary projects in particular cases, and to a synthesis, 
of experiences (the manual). The manual is ready in a preliminary version, 
and a number of countries are testing it at the moment. As a next step the 
final version will be written and published. 
The implementation of the manual is stimulated by involving the potential 
users in designing and testing the manual in a number of versions. The experts 
of the international team meet with experts in the countries involved. The 
transfer of information is two-sided: experiences from the countries reach 
the team of experts, the team of experts provides synthesized experience. 
The members of the committee of potential user countries are not policymakers 
themselves but advisors to policy makers or they are heads of research insti- 
tutes in governmental departments. This illustrates an important trend in 
the relationship between applied systems analysis and policy-making. The 
applied systems analyst more and more acts as an advisor to advisors. 
Social scientists have analyzed the relationship between their disciplines 
and the policy-makers in a number of projects. Interesting results can be 
found for instance in the report of Caplan to the OECD (1975). Caplan found 
three categories of theories to explain "non-utilization1' of the results of 
the social sciences: 
" ( a )  Knowledge-Specific Theories. This set  of theories endeavors t o  explain 
the nonutilization of social science knowledge as a consequence of the 
nature of the social science information i t s e l f ,  the research techniques 
employed, or the behaviors of the social sc ient i s t s  themselves. For 
example, it i s  argued that the social sc ient i s t s  conceive complex pro- 
blems only i n  the limited terms of the ir  own disciplines; that overre- 
liance on quantitative methods contributes t o  the limited u t i l i t g  of 
social science information; that nonutil ization i s  due t o  theoretical 
or methodological inadequacies, or both; that social sc ient i s t s  are 
pol i t ical ly  too far t o  the l e f t  and allow the ir  sc i en t i f i c  work t o  be 
influenced by the i r  pol i t ical  bel iefs;  and that social science research 
i s  focused on understanding and fa i l s  t o  provide a necessary action- 
framework. 
(bl Two-Cmni t i e s  Theories. This set  of theories attempts t o  explain non- 
u t i l i za t ion  i n  terms of the relationship o f . t h e  researcher and the re- 
search system t o  the policy maker and the policy-making system. The 
argument i s  similar t o  that  which C.P.Snow makes i n  The !L%o Cultures 
t o  explain the gap between the humanities and the hard sciences. People 
who hold t h i s  position argue that  social sc ient i s t s  and policy makers 
l ive  and operate i n  separate worlds with d i f ferent  and of ten conf7icting 
values, d i f ferent  reward systems, and di f ferent  languages. The social 
sc ient i s t  i s  concerned with 'pure' science and esoteric issues.  By con- 
t ras t ,  governme'/zt policy makers are action oriented, practical persons 
concerned with obvious and immediate i ssues . ' I t  i s  argued that  the gap 
between the knowledge producer and the policy maker needs t o  be bridged 
through personal relationships involving t rus t ,  confidence, and empathy. 
Others see t h i s  gap as something apart from cultural differences. They 
s tress  conf l ic t  over who d&ermi=s the end of policy, of ten seen as an 
important factor that  keeps the social sc ient i s t s  and policy makers 
apart. Some feel that the spectre o f  misuse of knowleGe by polit ical 
power tends t o  widen the gap; and s t i l l  others, particularly those who 
argue the need for ' l ink ingt  mechanics, see the gap as a conamvlication 
failure or a lack of organized e f f o r t  t o t  systematically introduce social 
science knowlectge i n  usuable form i n t o  the policy-making process a t  the 
key points where it wi l l  most l ike ly  be used. 
- (cl  Policy Maker - Constraint Theories. This third group of theoretical 
positions encompasses the argwnents that  nonutil ization can best be 
understood from the standpoint of the constraints under which the policy 
maker operates. It i s  argued, for example, that policy makers typical ly  
need concise information i n  a short period of time and that  the social 
sc ient i s t s  simply cannot be helpful under such circumstances. I t  i s  also 
argued that  the policy maker can only deal with malleable variables, those 
open t o  manipulation and must often premise h is  actions upon a course that  
i s  pol i t ical ly  most feasible. Therefore, h is  capability t o  q p l y  knowZe&e 
i s  necessarily limited. These theories suggest that i f  u t i l i za t ion  i s  t o  
be increased either the knowledge-producer w i l l  have t o  ta i lor  h is  acti-  
v i t i e s  t o  meet the constraints, or the constraints themselves w i l l  have 
t o  be removed. " 
Caplan has done research into the nonutilization of social science knowledge 
in the American government departments on the national level. His research 
findings are, that the "two-communities theories" explain most of the variance. 
If we look again at the book on "Pitfalls of Analysis" edited by Majone and 
Quade, a lot of reasons given by Caplan for non-utilization of social science 
knowledge looks familiar. On the road to implementation of their results by 
policy makers,appl.ied systems analysts and social scientists encounter many 
of the same pitfalls ! 
5 .  SOCIOLOGY AND THE SOCIAL SCIENCES. 
- 
So far in this paper I have concentrated my attention on sociology. Not because 
this discipline is the most important component of the social sciences, but 
because my personal experience is limited to this branch. In practice a number 
of social sciences are as important as sociology when a closer cooperation 
with applied systems analysis is taken into consideration. 
The political sciences have a tradition in policy analysis that is very worth- 
while. A recent example that meets high standards is the book by S.S.Nage1 and 
M.Neef on Policy Analysis in Social Science Research (1979). As an example 
they take the problem of reducing delay in the legal process. Six models are 
applied that collectively involve all the processes that are relevant to the 
problem: 
(a) queueing theory which involves deducing how much time will be consumed 
as a result of increasing or decreasing the rates at which cases arrive 
and are serviced, 
(b) optimum sequencing, which involves the order in which cases are processed 
in order to optimize or minimize the sum of the waiting and processing 
time per case, 
(c) critical path methods, which emphasize measuring how much time is consumed 
and ought to be consumed at various stages in the processing of cases, 
(d) optimum level analysis, which seeks to arrive at an optimum quantity of 
time consumed per case through methods which involve predicting costs 
. from time consumed, 
(e) optimum choice analysis, which is particularly concerned with understan- 
ding and manipulating the causal factors responsible for why decision- 
makers sometimes make time-lengthening decisions rather than tine-saving 
decisions, 
(f) 'Markov chain analysis, which involves probabilistic considerations related 
to those involved in statistical inference. 
Disciplines like social and cultural anthropology are engaged 
in policy analysis, especially in developing countries. Areas of economics 
and psychology c o n t r i b u t e  t o  t h e  s o c i a l  s c i ences ,  a l though t h e s e  d i s c i p l i n e s  
do not  a s  a  whole f a l l  w i th in  t h e  realm of t h e  s o c i a l  sc iences .  
What i s  t h e  d i f f e r e n c e  i n  s u b j e c t  mat te r  between sociology and p o l i t i c a l  
s c i ences ,  o r  between sociology and s o c i a l  anthropology? I s h a l l  no t  bo ther  
you wi th  these  boundaries ,  because they a r e  vague and d iminish ing .  The boun- 
d a r i e s  have grown over  many decades, and a r e  t h e r e f o r e  ve ry  dea r  t o  some 
s o c i a l  s c i e n t i s t s  (7 ) .  
A l l  s o c i a l  sc iences  a r e  d e a l i n g  wi th  ( a )  s o c i a l  behavior ,  (b) c o l l e c t i v e  
s o c i a l  phenomena, and ( c )  t h e  t ransformat ion  between them. A l l  s o c i a l  s c i ences  
have d i f f i c u l t i e s  i n  f i n d i n g  s c i e n t i f i c  "laws", quasi-laws and o t h e r  s t rong  
and l a s t i n g  r e g u l a r i t i e s  i n  t h e i r  sub jec t  ma t t e r .  Espec ia l ly  i n  t h e  app l i ed  
s o c i a l  sc iences  informat ion  r e l a t e d  t o  p r a c t i c a l  problems i s  no t  very  lawl ike .  
Even t h e o r i e s  a r e  o f t e n  n e c e s s a r i l y  l i m i t e d  i n  scope and p rec i s ion .  I n  a  si- 
t u a t i o n  l i k e  t h i s  it i s  ve ry  important t o  be  a b l e  to ,do  empir ica l  r e sea rch  
quick ly  and t o  g e t  r e l i a b l e  and p r e c i s e  information about t h e  ever-changing - 
p r a c t i c a l  problem and i t s  environment. Improving r e sea rch  methodology i s  a s  
important a s  cons t ruc t ing  b e t t e r  t h e o r i e s  i n  a  d i s c i p l i n e  wi th  a  s u b j e c t  
ma t t e r  t h a t  changes i t s  conf igu ra t ion  of r e l a t i o n s h i p s  between v a r i a b l e s  ever  
so o f t en .  
A s  soon a s  members of d i f f e r e n t  d i s c i p l i n e s  work toge the r ,  problems of i n t e r -  
d i s c i p l i n a r y  p r o j e c t s  a r i s e .  The p i t f a l l s  of i n t e r d i s c i p l i n a r i t y  have been 
s t u d i e s  i n  empir ica l  research .  An i n t e r e s t i n g  example i s  provided by Birnbaum 
i n  h i s  a r t i c l e  on Assessment of A l t e r n a t i v e  Management Forms i n  Academic 
I n t e r d i s c i p l i n a r y  Research P r o j e c t s  (1977). The conclusions of t h i s  a n a l y s i s  
a r e  : 
11 Large p r o j e c t s  c o n s i s t i n g  of a  s t a b l e  and h ighly  educated workforce, w i th  
a  c l e a r  d i v i s i o n  of l a b o r ,  and c e n t r a l i z e d  po l i cy  making were found t o  be 
a s soc i a t ed  wi th  t h e  h ighes t  l e v e l s  of performance. Other types  tended not  
t o  be s i g n i f i c a n t l y  d i f f e r e n t  i n  performance from each o t h e r ,  bu t  .were a l l  
found t o  be a s soc i a t ed  wi th  lower performance than  t h e  one h igher  per for -  
ming type. I n i t i a t i n g  s t r u c t u r e  o r  product ion o r i e n t e d  l e a d e r  behavior was 
s i g n i f i c a n t l y  a s soc i a t ed  with h igher  performing groups, no ma t t e r  what t h e  
form of t h e  r e sea rch  group. Time spent  by t h e  p r o j e c t  l eade r  i n  planning 
t h e  r e sea rch  was not  found t o  be s i g n i f i c a n t l y  r e l a t e d  t o  e i t h e r  low o r  
high performance i n  any of t h e  o rgan iza t iona l  types.  Large, uns t ab le  
p r o j e c t s  tended t o  b e n e f i t  most from t h e  p r o j e c t  l e a d e r ' s  assembly of 
resources.  Considerat ion of l e a d e r  behaviour suppor t ive  of group members 
tended t o  be  p o s i t i v e l y  a s soc ia t ed  with h igher  performance i n  uns t ab le  
groups, but  t o  be a s soc ia t ed  wi th  lower performance i n  smal le r  s t a b l e  
groups." (8) 
6. CONCLUDING REMARKS. 
- 
The idea  of a c l o s e r  cooperat ion between appl ied  systems a n a l y s i s  on t h e  one 
hand and t h e  s o c i a l  sc iences  ( inc luding  sociology) on t h e  o the r  hand i s  no t  
new t o  IIASA. For in s t ance  i n  J u n i  1981 an "Ad-hoc-self-appointed-group" of 
IIASA s c i e n t i s t s  wrote a memorandum on "the incorpora t ion  of non-technical 
a spec t s  of systems i n t o  t h e  work of IIASA". The memorandum s t a t e s ,  among 
o t h e r  th ings :  
"The good work done a t  IIASA might not  have a p o s i t i v e  e f f e c t  because 
it d i d  not  inc lude  cons ide ra t ion  of t h e  p o l i t i c a l ,  s o c i a l ,  economic 
and psychological  a spec t s  which a r e  present  i n  a l l  a p p l i c a t i o n s  of 
systems sc i ence  t o  r e a l  world problems. IIASA has been urged by many 
d i f f e r e n t  groups t o  inc lude  these  non-technical a spec t s  i n  i t s  programs 
but  t hus  f a r , '  exept f o r  t h e  r ecen t  work on r i s k ,  it has not  happened." 
I f  a c l o s e r  coopera t ion  is considered,  which " s t r a t e g i e s "  could be adopted t o  
implement t h i s  cooperat ion? 
I n  t h e  f i r s t  p l ace  it  would be necessary t o  employ a number of s o c i a l  scien-  
t ists.  IIASA has a l r eady  adopted t h i s  po l i cy  t o  a l imi t ed  ex ten t .  I n  1981 
t h e  s o c i a l  s c i e n t i s t s  form a small percentage of t h e  IIASA s c i e n t i s t s .  
I n  t h e  second p lace  IIASA could provide i t s e l f  w i th  a t a s k  f o r c e  spec ia l i zed  
i n  s o c i a l  systems a n a l y s i s .  Workshops organized by t h i s  t a s k  f o r c e  could pro- 
v i d e  information t h a t  could c o n t r i b u t e  t o  adding "soc ia l  aspec ts"  ' to  appl ied  
systems a n a l y s i s  of a t e c h n i c a l  cha rac te r .  
In  the  t h i r d  p l ace  IIASA could i n i t i a t e  one or .more  p r o j e c t s  t h a t  e x p l i c i t l y  
combine t echn ica l  and non-technical a spec t s .  It would be wise t o  s t a r t  wi th  
medium-seized p r o j e c t s .  P r o j e c t s  i n  t h i s  ca tegory  ought t o  d e a l  wi th  a "real-  
l i f e  problem" and they  ought t o  enable a number of " technical"  s t a f f  members 
t o  acqui re  some f e e l i n g  f o r  and knowledge about t h e  s o c i a l  sc iences .  
A p r o j e c t  l i k e  t h a t  might d e a l  wi th  the  assessment of t he  s o c i a l  and technolo- 
g i c a l  consequences of some kind of technologica l  innovation. (Compare F ins t e r -  
busch and Wolf, 1977). As an example I mention the impact of micro-electronics 
(a) on telecommunications, and (b) on both employment and on procedures in 
work. Further narrowing down of the subject would be necessary, of course. 
An interdisciplinary project like this should keep the results of the research 
by Birnbaum in mind. Communication with policy makers and their advisors could 
decrease the chance that the results remain unapplied, avoiding the pitfalls 
Caplan pointed out. 
More cooperation between natural scientists, mathematicians and social scien- 
tists would not imply that one of the parties involved loses its identity. 
Understanding each other, willingness to cooperate and mutual appreciation 
are enough. I hope that my paper will contribute a bit to future ''joint 
ventures" in applied systems analysis. 
NOTES 
0 Comments by Dr.A.Lee and Dr.I.Stah1 on an  e a r l i e r  ve r s ion  of t h i s  paper a r e  
g r a t e f u l l y  acknowledged. 
(0) t h e  au thor  s t u d i e d  sociology a t  Leyden Univers i ty ,  received h i s  Ph.D. 
from t h e  Rotterdam School of Economics (now Erasmus Univers i ty)  i n  1968; 
s i n c e  1968 professor  in '  sociology,  i n  p a r t i c u l a r  i n  t h e  methodology of 
s o c i a l  r e sea rch ,  a t  t h e  Univers i ty  of Utrecht ;  member of t h e  Department 
of Planning and Pol icy  Studies  a t  Utrecht  Univers i ty .  
I 
( I )  see  a l s o  page 516: "In t h i s  volume, systems a n a l y s i s  and pol icy  a n a l y s i s  
a r e  used a s  e s s e n t i a l l y  synonymous terms f,or t h e  same activity.:  r e sea rch  
t h a t  a t tempts  t o  b r ing  modern sc ience  and technology t o  bear  on s o c i e t y ' s  
problems, seeking ame l io ra t ive  so lu t ions .  These ana lyses  search  f o r  fea-  
s i b l e  courses of a c t i o n ,  genera t ing  information.and marshal l ing  evidence 
about t h e  b e n e f i t s ,  c o s t s ,  and o the r  consequences t h a t  would fo l low t h e i r  
adoption and implementation, i n  order  t h a t  t h e  most advantageous a c t i o n  
may be chosen." 
(2) i n  t h e  n a t u r a l  sc iences  we f i n d  ( a ) . : t heo r i e s ,  (b) s c i e n t i f i c  laws, and 
( c )  s ta tements  on an  ope ra t iona l  l e v e l  (Pro tokol l sStze) ;  
i n  t h e  s o c i a l  sc iences  we f i n d  ( a )  g loba l ,  o v e r a l l  t h e o r i e s ,  (b)  more 
r e s t r i c t e d  t h e o r i e s  : ( i )  t h e o r i e s  ( p a r t i a l l y )  con£ irmed i n  empir ical  
research ,  ( i i )  p r e s c r i p t i v e  theo r i e s ,  ( i i i )  formal t h e o r i e s ,  and ( c )  
s tatements  on an ope ra t iona l  l e v e l ;  
i n  t h e  s o c i a l  sc iences  p red ic t ions  a r e  der ived  from hypotheses; they 
a r e  confronted wi th  empir ica l  d a t a ;  s tatements  about f u t u r e  events  a r e  
c a l l e d  f o r e c a s t s ,  r e s u l t s  from f u t u r e  s t u d i e s  e t c . .  (a.0.  Becker, 1972). 
(3)  not  a l l  appl ied  d i s c i p l i n e s  a r e  empir ical  d i s c i p l i n e s :  f o r  i n s t ance  appl ied  
mathematics; not  a l l  empir ical  d i s c i p l i n e s  a r e  applied:  f o r  i n s t ance  
archaeology; 
an  appl ied  d i s c i p l i n e ,  o r  appl ied  r e sea rch ,  undertakes o r i g i n a l  i n v e s t i -  
g a t i o n  i n  order  t o  g a i n  new s c i e n t i f i c  o r  t e c h n i c a l  knowledge, d i r e c t e d  
p r imar i ly  towards a  s p e c i f i c  p r a c t i c a l  aim o r  o b j e c t i v e .  The r e s u l t s  of 
a n  appl ied  d i s c i p l i n e  o r  of appl ied  r e sea rch  lead  t o  an  enhancement of 
t h e  "body of knowledge" of t h e  d i s c i p l i n e  involved. 
p o l i c y  r e sea rch  l e a d s  t o  r e s u l t s  pr imarely intended t o  b e  v a l i d  f o r  a 
s i n g l e  o r  l imi t ed  number of products ,  ope ra t ions ,  methods and systems. 
This  i m i l i e s  t h a t  I p a r t i a l l y  d i s a g r e e  wi th  t h e  OECD " F r a s c a t i  Manual", 
P a r i s  1971. 
( 4 )  i n  p a r t i c i p a n t  obse rva t ion  t h e  s c i e n t i s t  p lays  a  "normal" r o l e  i n  t h e  
s o c i a l  system under observa t ion ,  as a r u l e  unknown t o  t h e  members of t h e  
system involved; i n  hidden observa t ion  t h e  s c i e n t i s t  i s  no p a r t  of t h e  
s o c i a l  system under obse rva t ion  ( f o r  i n s t a n c e  observing through a  one-way 
mi r ro r ,  o r  by candid camera); l abo ra to ry  obse rva t ion  produces da t a  under 
experimental cond i t i ons  ( f o r  i n s t ance  i n  man-simulation of communication 
processes) ;  information by informants employs members of t h e  system involved 
t o  ga the r  d a t a  (Becker, 1972; Becker and van den Bos, 1979) 
(5) t h e  example is  t aken  from Boudon ( 1  980) ; h i s  "La log ique  du s o c i a l "  o r  
Die Logik des  g e s e l l s c h a f t l i c h e n  Handelns i s  an  e x c e l l e n t  modern i n t r o -  
duc t ion  t o  soc io logy;  
\ 
(6 )  t h e  concept of " research  programs" was formulated by Lacatos;  s e e  a.0. 
Losee, J., A H i s t o r i c a l  In t roduc t ion  t o  t h e  Philosophy of Science,  Oxford 
1 980. 
(7) p o l i t i c a l  s c i e n t i s t s  s tudy s o c i a l  behavior ,  c o l l e c t i v e  s o c i a l  phenomena 
and t h e i r  t ransformat ion  i n  p o l i t i c a l  systems and i n  governmental systems; 
s o c i o l o g i s t s  s tudying t h e  same phenomena c a l l  themselves " p o l i t i c a l  socio-  
l o g i s t s " ;  i n  gene ra l  t h e  p o l i t i c a l  sc iences  a r e  a  l i t t l e  b i t  more o r i en t ed  
towards empir ica l  r e sea rch  and towards empi r i ca l ly  based t h e o r i e s  than  
sociology,  b u t  t h i s  d i f f e r e n c e  is  decreas ing;  c u l t u r a l  anthropology 
studies social behavior, collective social phenomena in developing coun- 
tries, but for instance metropolitan social systems in developing countries 
are studied in about the same way as in developed countries; a number of 
cultural anthropologists are doing research in developed countries like 
The Netherlands, for instance looking at the social integration of immi- 
grant workers and their families; 
(8) More informative.on "the state of the art" in policy sciences: Dahl and 
Tufte, 1974; Finsterbusch and Motz, 1980; Jenkins, 1978; Lindblom and 
\ Cohen, 1979; Weiss and Bucuralas, 1980. 
LITERATURE. 
01. H.A.Becker, Observation by Informants in Institutional Research, 
Quality and Quantity, VI, 1972, no 1. 
02. H.A.Becker, Sociale Methodologie, Meppel 1974 (Dutch only) 
03. H.A.Becker (red.) Simulatie in de Sociale Wetenschappen, Alphen aan,den 
\ 
Rijn 1976 (Dutch only) 
04. H.A.Becker and A. van den Bos, Observation by Informants in Theory and 
in practice, paper 10th International Simulation and Gaming Conference, 
Leeuwarden 1979 
05. Ph.H. Birnbaum, Assessment of Alternative Management Forms in Academic 
Interdisciplinary Research Projects, Management Science, 24 (1977) 272- 
284 
06. P.M.Blau and R.A.Schoenherr, The Structure of Organizations, New York 1971 
07. R.Boudon, Mathematical Structures of Social Mobility, New York 1973 
08. R.Boudon, Education,, New York 1973 
09. R.Boudon, Die Logik des gesellschaftlichen Handelns, eine Einfiihrung in 
die soziologische Denk- und Arbeitsweise, Neuwied und Darmstadt 1980. 
Translated from the French 
10. N.Caplan, The Use of Social Science Knowledge in Policy Decisions at the 
National Level, Paris 1975 (OECD) 
11. R.A.Dah1 and E.R.Tufte, Size and Democracy, Stanford 1974 
12. J.Coleman e.a., Equality of Educational Opportunity, Washington DC 1966, 
13. R.D. Duke, Gaming: the Future's Language, Beverly Hills 1974 
14. O.D.Duncan, D.L.Featherman and B.Duncan, Socioeconomic Background and 
Achievement, New York 1972 
15. G.W.Fairweather and L.G.Tornatzky, Experimental Methods for Social 
Policy Research, Oxford 1977 
16. K.Finsterbusch and A.B.Motz, Social Research for Policy Decisions, 
Belmont 1980 
17. K.Finaterbusch and C.P.Wolf (eds.) Methodology of Social Impact 
Assessment, Stroudsburg Pa. 1977 
18. W.I.Jenkins, Policy Analysis, a political and organisational perspective, 
London 1978 
19. C.S.Greenblat and R.D.Duke, Gaming-Simulation, New York 1975 
20. C.E.Lindblom and D.K.Cohen, Usable Knowledge, Social Science and Social 
Problem Solving, New Haven 1979 
21. J.Losee, A Historical Introduction to the Philosophy of Science, 
Oxford 1980 (New Edition) 
(eds . ) 
22. G.Majone and E.S.Quade, Pitfalls of Analysis, Chichester 1980 
23. I.I.Mitroff, The Subjective Side of Science, Amsterdam 1974 
24. S.S.Nage1 and M.Neef, , ' 
Beverly Hills 1979 
25. o.E.C.D., The Measurement of S c i e n t i f i c  and Technical  A c t i v i t i e s  ( F r a s c a t i  
Manual), P a r i s  1971 
26. O.E. C.D.  Guide, General Manual and 
Executive Manual, P a r i s  1980 (Draf t )  
27. J .L.Peschar ,  Chancenungleichheit, Neuwied und Darmstadt 1979 ( t r a n s l a t e d  
from t h e  Dutch) 
28. C.P.Snow, The Two Cu l tu re s ,  and A Second Look, Cambridge 1974, f i r s t  
p a r t  f i r s t  publ ished 1959 
29. C . H . W e i s s  and M.J.Bucuvalas, S o c i a l  Science Research and Decision-Making, 
New York 1980 
30. E.F.Wood (ed.)  Real-Time Forecas t ing  / Control  of  Water Resource Systems, 
Oxford 1980 (proceedings of  1976 workshop a t  IIASA) 
